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Abstract
The date palm, or Phoenix dactylifera L., is one of the world’s oldest fruit trees. The entire date palm tree is used to 
produce a variety of goods, including food, clothing, fibre, and shelter. Tissue culture is one of the most recent methods 
used to multiply date palms and produce disease-free offspring. Plant tissue culture technology has advantages over con-
ventional methods of propagation for the quick and extensive multiplication of significant plants in vitro, regardless of the 
season, and disease-free. This is because it preserves space and time. For this study, three different cultivars were used 
(Barhy, Sakkoti, and Shamia). For the three cultivars, ¾ MS medium supplemented with 1 mg/L indole butyric acid IBA 
and 0.25 mg/l activated charcoal (AC) provided the optimal in vitro culture conditions. Plant gene function research and 
cultivar development are now both possible thanks to the advancement of plant transformation technologies. Date palm 
plants were given the AT1G12660 “Thio-60” gene to make them resistant to fungus infection. Utilizing chitosan nanopar-
ticles for genetic transformation, the gene was introduced into three cultivars of dates (Barhy, Sakkoti, and Shamia). Run 
a conventional PCR to verify genetic fusion into all three cultivars. The fungal infection with Fusarium oxysporum was 
used to determine the resistance of the transgenic cultivar lines after it was established that the thionin gene had been 
transferred into transgenic date palm cultivars. Date crop transgenic lines showed strong resistance and a decline in the 
percentage of fungal infection-induced inhibition.

Key message
Phoenix dactylifera in vitro culture was optimized on MS medium supplemented with phytohormones. Chitosan nanopar-
ticle was applied for thionin genetic transformation into different cultivars to be resistant to Fusarium infection.

Keywords Phoenix dactylifera · Date palm · Barhy · Sakkoti · Shamia · Tissue culture · Thionin · Genetic 
Transformation · Chitosan nanoparticle · Fusarium oxysporum
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Introduction

The monocotyledon Phoenix dactylifera L., which has a long 
lifespan and is a member of the Arecaceae family, is grown 
for its delectable fruit and for other reasons. Due to its long 
history of fruit production, its precise origin is unknown, but 
it most likely started in a North African desert oasis or even 
Southwest Asia. Some claim that it was first developed in 
Bahrain or Saudi Arabia, while others assert that Babylon, 
Iraq, was where it was first created. It was being produced as 
early as 6,000 BC in ancient Egypt and Mesopotamia, and it 
is also thought to have originated in the Arabian Gulf. East-
ern Arabia had farming going on by 4,000 BC, according to 
archaeological discoveries. Later, dates were disseminated 
by Arabs throughout northern Africa and into Spain, while 
dates were first brought to California by Spaniards in 1765 
near Mission San Ignacio (Abdelmonem and Rasmy 2007).

The date palm is a dioecious plant species with a large 
genetic diversity. Size, form, colour, and flavour of the fruit 
on the majority of female date palm cultivars may be used to 
identify it. Date palm genotype identification is a complex 
empirical activity based on physical traits (Al-Khalifah et 
al. 2012). Fruit and palm oil, both of which are widely used 
in the food industry, are both made by date palms (Phoe-
nix dactylifera L.). It can be difficult to repopulate obsti-
nate date palm genotypes using somatic embryogenesis or 
organogenesis in tissue culture techniques. However, micro-
propagation provides a way to produce an adequate number 
of superior, disease-free, and true-to-type plants to satisfy 
local and international markets (Khokhar and Teixeira da 
Silva 2017).

Plant tissue culture incorporates techniques and proce-
dures used in a variety of botanical research fields and has 
a number of useful objectives (George et al. 2008). Palms 
are a very underutilised plant category when it comes to 
the use of biotechnology and genetic engineering for their 
improvement. Applications of modern biotechnologies to 
plant molecular biology and plant tissue culture can imme-
diately help (Pourhosseini et al. 2013). The greatest method 
for choosing and propagating new, improved cultivars is 
tissue culture, which is becoming more and more impor-
tant as the date palm genome is uncovered through study. 
The preservation of date palm germplasm has a significant 
role to play for tissue culture as well. Through in vitro cryo-
preservation, tissue culture material may be kept for a long 
time (Johnson 2011).

Chitosan nanoparticles can alter the structural makeup of 
proteins associated with tight junctions and increase trans-
mucosal permeability, both of which promote the transport 
of the nanoparticles along their paracellular pathway (Pep-
pas and Huang 2004). More recently, chitosan nanoparticle-
based methods for transforming and introducing foreign 

genes into different tissues have been tested. Chitosan was 
identified as a cationic alkaline polysaccharide that occurs 
naturally, a stable cationic polymer, and a non-viral vector 
(Li et al. 2015; Tawfik and Ahmed 2022).

In varying degrees, illnesses and pests pose a persistent 
threat to date fruit production and, in some cases, the life of 
the trees themselves, depending on the region. Two diseases 
that harm date palms are particularly prevalent nowadays 
among their many ailments. The lethal vascular wilt known 
as Bayoud disease is brought on by a fungus that lives in 
the soil (Fusarium oxysporum) Ref. Late in the nineteenth 
century, this illness initially occurred in Morocco, where 
it has since spread significantly throughout the nation 
and into neighboring Algeria. It infects the highly valued 
Moroccan Medjool cultivar, and it spreads mostly through 
the movement of offshoots. The demise of the palm occurs 
many months after the first signs of leaf withering. The sole 
known biological or chemical control is cultivating disease-
resistant cultivars, which appears to be the only current 
answer (Zaid and Arias-Jimenez 2002).

The main aims for this work were, first, to optimize the 
culture conditions of Dates cultivars which is a big prob-
lem to obtain in vitro; whereas the second, was to produce 
antifungal transgenic Dates’ cultivars to face the problem 
of the in vitro culture contamination. By producing thionin 
proteins from thio-60 gene, we have date palm plants resis-
tance to fungi. Using chitosan nanoparticles, the thionin 
gene was introduced into the tissues of the date palm and 
the transformation was confirmed into the transgenic date 
palm cultivars. The antimicrobial activity of transgenic lines 
affirmed the resistance of transgenic plants against Fusar-
ium oxysporum.

Materials and methods

Plant materials and location

The research work was conducted at Labs of Ain Shams 
Agricultural Center for Genetic Engineering and Biotech-
nology (ACGEB) and “Vitro Plant Labs” (Plant Tissue Cul-
ture Specialists), Egypt during the period between 2017 and 
2022. All the chemicals and reagents utilized were of ana-
lytical or molecular grade.

Date palm cultivars: Three date palm cultivars (Phoenix 
dactylifera) (Barhy, Sakkoti, and Shamia) were brought 
from The Central Laboratory for Research and Develop-
ment of Date Palms; Agricultural Research Centre, Giza, 
Egypt.
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Methods

In vitro culture conditions and media

A laminar airflow-hood (Streamline®, made in Singapore) 
was used in all procedures of tissue culturing of date palm 
cultivars. The hood was fully equipped with a single U.V. 
lamp (15 W). The transfer area was also fitted with an air 
condition unit (Sharp®, 1.5 horse). A growth chamber was 
used as a growing area (5.20 × 4.80 m in length and width, 
respectively) containing 25 stands each of them has four 
shelves with two lamps (15 W fluorescent cool light) fit-
ted 30 cm above the shelf. To control the temperature, two 
air condition units (Carrier®, 3.5 horse) were fitted in the 
growth chamber. Cultures of all experiments were incu-
bated at 28 ± 2 °C and exposed to 2000–2500 lx for 16 h 
light using fluorescent lamps (2 lamps per shelf) alternated 
with 8 h of darkness. Each treatment comprised of three 
replicates with three explants per jar (50 ml) for each rep-
licate. The initial culture medium used for the in vitro cul-
ture was the Murashige and Skoog basal nutrition medium 
(MS) (Murashige and Skoog 1962). The medium was sup-
plemented with agar (6 g/l) to solidify the medium. The 
medium was adjusted to 5.7 pH and autoclaved for 20 min 
at 121 °C and 1.2 Kg/cm2 before being used.

Establishment of in vitro culture conditions

Explants (8 months, inform of cluster) were collected from 
3 date palm’s cultivars (Phoenix dactylifera L.; Barhy, 
Sakkoti, and Shamia). Then, the collected explants were 
defoliated and cleaned with liquid soap and rinsed with a 
continuous flow of tap water for an hour. Explants were then 
moved to the laminar-flow cabinet under aseptic conditions. 
Sterilized explants were excised to 1-1.5 cm, each contain 
single lateral bud, cultured on different media strength to 
select the best concentration of medium solutes. Then the 
new generated plantlets were subjected to be cultured in MS 
medium at ¾ strength (3.3 g/l) as the best concentration.

Multiplication stage experiment

Defoliated micro shoots (2 cm) resulting from the estab-
lishment stage was divided into parts containing forming 
auxiliary buds or organogenesis and was taken for the multi-
plication experiment. They were cultured singly in the mul-
tiplication medium (¾ MS) which was supplemented with 
cytokinins using 6-Benzylaminopurine (BAP) at 1 mg/l and 
both supplemented with Kinetin (Kin) at 0.2 mg/l and acti-
vated charcoal was supplied 0.2 g/l.

Rooting stage experiment

Micro shoots (8 cm) obtained from the multiplication stage 
were transformed to a rooting medium (¾ MS) that was 
supplemented with IBA at a ratio of 0 to 0.5, 1and 1.5 mg/l. 
In addition, activated charcoal was supplied at 0.00, 0.25, 
0.50 and 0.75 g/l as well as ¾ MS free of growth hormones 
(zero-level control). Re-culture was carried out every five 
weeks interval for three times.

Thionin gene manipulation

A prepared recombinant plasmid (pMiniT) containing the 
thio-60 gene was supplied from Faculty of Science – Helwan 
University. The plasmid was conserved in DH5-α bacte-
rial glycerol stock. A bacterial sub-culture was performed 
for amplification of the recombinant plasmid on LB broth 
media supplemented with ampicillin antibiotic (100 µg/
ml). A plasmid mini-prep protocol was applied to isolate the 
modified plasmid using alkaline lysis method according to 
the protocol of Maniatis et al. (1982).

Chitosan nanoparticle preparation and 
transformation

In this study, chitosan nanoparticles were utilized for trans-
formation of thionin gene (Thio-60) into 3 date’s cultivars 
plants (Barhy, Sakkoti, and Shamia). Mansoori et al. (2006) 
characterized the CS/pDNA production procedure as fol-
lows: CSNPs were dissolved in 25 mM acetic acid, which 
was subsequently adjusted to pH 5.5 at a final concentra-
tion of 0.08%. The CS and recombinant plasmid were first 
incubated for 15 min in a water bath at 55oC. The CS/pDNA 
complexes were then formed in an equal volume, followed 
by 1 min of intensive swirling on a vortex mixer.

Abdel-Razik et al. (2017) and Hussien (2020) established 
a technique for chitosan nanoparticle genetic transformation 
into plant tissue: plantlets of dates cultivars (8–23 cm tall) 
were injected at the plumule area with a syringe carrying 
a CS/pDNA complex. To regenerate plants, the explants 
(injected seedlings) were then moved to MS medium sup-
plemented with (2 mg/l BAP and 1 mg/l kin) hormones and 
100 g/lampicillin. This process was place over the course of 
a 4-week period at 25 °C.

Molecular characterization of putative transgenic 
dates lines

Using the Cetyl-Trimethyl Ammonium Bromide (CTAB) 
technique, total genomic DNAs were isolated from the 
leaves of putative transformed and untransformed date palm 
plants (Rogers and Bendich 1985). Using whole genomic 
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Statistical analysis

All morphological parameters were set up using three repli-
cations of a fully randomized complete block design. All the 
parameters were measured in ten replicates after the third 
sub-culture. The acquired data were put through a test of 
analysis of variance in SPSS 21 (Shuaib et al. 2007).

Results

The in vitro culture of different three cultivars of palms 
(Barhy, Sakkoti, and Shamia) was optimized. The thionin 
genes (Thio-60), it is belonged to PR-13 family (defense 
protein) which isolated from Arabidopsis thaliana. It was 
transferred into plants of the three date palm cultivars 
(Phoenix dactylifera L.). Chitosan nanoparticle was used in 
this study as a genetic transformation method. Successful 
transformation into date palm cultivars was detected by suc-
cessful amplification of inserts using PCR reaction. Besides, 
spore suspension of Fusarium oxysporum was applied to the 
detached leaves of in vitro culture of both putative trans-
genic and non-transgenic lines.

Plant materials and growth conditions

Shoots of three date palm cultivars (Barhy, Sakkoti, and 
Shamia) were regenerated on MS media with different media 
strength (solutes concentration) to select the best concentra-
tion. The concentration with the highest parameters was ¾ 
(3.3 g/l) (Table 1). The regeneration of these plants contin-
ued for three years to transforming the thionin gene carried 
out. Figure (1) illustrated the shapes of regenerated shoots 
of the three date palm cultivars. The optimization of the in 
vitro culture conditions was illustrated in Tables (2, 3, 4) 
for Barhy, Sakkoti and Shamia cultivars, respectively. The 

DNA as templates, DNA fragments from using a set of 
primers, the Thio-60 transgenes was amplified by PCR 
composed of 35 cycles with 60oC of annealing temperature.

Morphological parameters

Different six morphological parameters were measured in 
both putative transgenic and non-transgenic lines derived 
from the three palms cultivar. These parameters were 
estimated to measure the effect of transformation on the 
morphological behavior of these plants. These parameters 
include fresh weight (g), shoot length (cm), leaf number, 
root length (cm), root number and rooting percentage (%). 
The rooting percentage is an indication for the number of 
individuals producing roots comparing to the total number 
of individuals in all jars.

Pathogenicity test

This bioassay was applied to test fungal resistance of puta-
tive transgenic date palm lines expressing thionin against 
the phytopathogenic fungi (Fusarium oxysporum). Spore 
suspension was prepared by immersing fungal discs in 5 ml 
of sterile distilled water to release the spores. The spores 
were collected with a sterile Pasteur pipette, and their con-
centration was adjusted to 2 × 105 spores/ml using sterile 
water. This assay was applied to detached leaves of trans-
genic and control plants of palms cultivars. Detached leaves 
from mature putative transgenic and non-transgenic date 
palm plants, grown in vitro for 4–5 weeks, were placed in 
a Petri dish with wet filter paper, wounded in the middle 
on both sides of the midrib, and inoculated with the spore 
suspension (20 µl each). After inoculation, this incubated at 
room temperature under 16 h. light/8 hrs. dark conditions 
and high humidity for a week. Pictures were taken 5 days 
after inoculation (Khan et al. 2008).

Cultivar Media power Plantlet fresh weight “g” Shoot length “cm” Shoot number Leaf number
Sakkoti ¼ (1.1 g/L) 1.80 ± 0.033b 4.85 ± 0.067b 1 ± 0.00a 10 ± 1.33b

½ (2.2 g/L) 1.95 ± 0.033b 5.20 ± 0.098ab 1 ± 0.00a 12 ± 1.66b

¾ (3.3 g/L) 2.30 ± 0.066a 6.70 ± 0.100a 1 ± 0.00a 20 ± 2.55a

Full (4.4 g/L) 2.05 ± 0.067ab 6.55 ± 0.098a 1 ± 0.00a 18 ± 1.98a

F-value 45.13* 118.34* 112 512.55**
Barhy ¼ (1.1 g/L) 2.00 ± 0.067b 5.00 ± 1.05a 1 ± 0.00a 14 ± 2.11b

½ (2.2 g/L) 2.05 ± 0.042ab 5.35 ± 1.05a 1 ± 0.00a 17 ± 2.11ab

¾ (3.3 g/L) 2.30 ± 0.067a 5.80 ± 1.22a 1 ± 0.00a 22 ± 2.67a

Full (4.4 g/L) 2.15 ± 0.055ab 5.50 ± 1.05a 1 ± 0.00a 21 ± 2.67a

F-value 232.45* 416.67 112 444.25*
Shamia ¼ (1.1 g/L) 3.31 ± 0.055ab 4.98 ± 0.067a 1 ± 0.00a 40 ± 3.22ab

½ (2.2 g/L) 3.53 ± 0.056ab 5.10 ± 0.055a 1 ± 0.00a 44 ± 3.67ab

¾ (3.3 g/L) 3.98 ± 0.067a 5.60 ± 0.17a 1 ± 0.00a 51 ± 3.67a

Full (4.4 g/L) 3.91 ± 0.055a 5.40 ± 0.17a 1 ± 0.00a 49 ± 3.33a

F-value 197.66* 215 112 633*

Table 1 Means of media power 
selected for the in vitro culture of 
variable Date’s cultivar

*Significant, ** highly signifi-
cant
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Fresh weight (g) P-value
AC
IBA

0.0 0.25 0.50 0.75

Control 2.3 ± 0.0910a 0.045
0.5 0.61 ± 0.001 cd 0.75 ± 0.005c 0.73 ± 0.006c 1.11 ± 0.011b

1 0.88 ± 0.002bc 1.51 ± 0.009ab 0.97 ± 0.009bc 1.41 ± 0.012ab

1.5 1.22 ± 0.023ab 0.91 ± 0.009bc 1.1 ± 0.009b 1.02 ± 0.009b

Shoot length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 5.8 ± 0.33c 0.022
0.5 4.9 ± 0.32 cd 5.5 ± 0.33c 5.6 ± 0.36c 6.1 ± 0.34bc

1 9.4 ± 0.42ab 10.4 ± 0.53a 7.2 ± 0.36b 7 ± 0.35b

1.5 7 ± 0.36b 7.5 ± 0.42b 9.2 ± 0.38ab 5.7 ± 0.33c

Leaf number
AC
IBA

0.0 0.25 0.50 0.75

Control 22 ± 2.33 0.754
0.5 3 ± 0.066a 2 ± 0.066b 3 ± 0.066a 3 ± 0.066a

1 3 ± 0.066a 3 ± 0.066a 3 ± 0.066a 3 ± 0.066a

1.5 3 ± 0.066a 3 ± 0.066a 3 ± 0.066a 3 ± 0.066a

Root length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 0.0 ± 0.00d 0.035
0.5 1.1 ± 0.33b 1.2 ± 0.33ab 0.8 ± 0.33bc 1.1 ± 0.33b

1 1.3 ± 0.33ab 1.5 ± 0.36a 1.1 ± 0.33b 1.3 ± 0.33ab

1.5 0.5 ± 0.33c 1.2 ± 0.33ab 0.9 ± 0.33bc 1.3 ± 0.33ab

Root number
AC
IBA

0.0 0.25 0.50 0.75

Control 0.0 ± 0.00f 0.033
0.5 3 ± 0.33d 7 ± 0.56bc 6 ± 1.33c 1 ± 0.03e

1 4 ± 0.39 cd 13 ± 1.93a 10 ± 1.95ab 13 ± 2.11a

1.5 2 ± 0.33de 4 ± 0.63 cd 13 ± 2.55a 8 ± 0.95b

Table 2 Means of the morpho-
logical parameters of Barhy 
cultivar in response to IBA and 
AC concentrations

 

Fig. 1 Shoot regeneration of three non-transgenic and putative transgenic date palm cultivars (a) Barhy, (b) Sakkoti, (c) Shamia; N: non-trans-
genic, T: putative Transgenic line
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non-transgenic lines (control) confirmed the absence of 
thio-60 gene (Fig. 2).

Pathogenicity test

It is qualitative and quantitative descriptions for the symp-
toms resulted from spore suspension of Fusarium oxyspo-
rum on date’s detached leaf to assess the resistance of dates’ 
cultivars of putative transgenic plants in compared to non-
transgenic plants. The obtained results are summarized in 
histogram in Fig. (3).

Discussion

The date palm, Phoenix dactylifera L., is an important part 
of the reclamation effort and is crucial to Egyptian agricul-
ture. One of the most modern techniques used for date palm 
(Phoenix dactylifera L.) multiplication and manufacture of 

results showed that the best treatment to obtain the highest 
culture conditions was ¾ MS supplemented with 1 mg/l IBA 
and 0.25 mg/l activated charcoal. For all cultivars, the shoot 
number is fixed to one branch, and the rooting percentage is 
fixed to 100% except for the control, no rooting observed.

The measured six morphological parameters of both 
putative transgenic and non-transgenic dates cultivars lines 
were analyzed and recorded in Table (5). It was noticed that 
transgenic lines were higher in the measured parameters 
especially number of roots which is highly stimulated in 
putative transgenic lines.

Gene analysis

The transformation and presence of thio-60 gene in genetic 
materials of putative transgenic date palm lines was detected 
in the plant of the 3 date’s cultivars using conventional PCR 
technique. Transformation succussed in the three dates cul-
tivars’ lines (Barhy, Sakkoti, and Shamia). The PCR for 

Fresh weight (g) P-value
AC
IBA

0.0 0.25 0.50 0.75

Control 2.3 ± 0.65a 0.035
0.5 1.52 ± 0.33b 0.48 ± 0.067e 0.92 ± 0.055d 1.53 ± 0.066b

1 0.5 ± 0.09e 2.2 ± 0.55a 1.07 ± 0.076c 1.04 ± 0.033c

1.5 0.81 ± 0.095d 1.03 ± 0.09c 1.05 ± 0.066c 1.57 ± 0.095b

Shoot length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 6.7 ± 1.44b 0.039
0.5 4.9 ± 1.22e 4.2 ± 0.95e 5.3 ± 0.88d 6.8 ± 0.95c

1 7.2 ± 2.15b 8.9 ± 0.85a 7.1 ± 1.25b 7.6 ± 1.29b

1.5 5.3 ± 1.55d 5.9 ± 0.75d 6.8 ± 1.09c 8.3 ± 1.36a

Leaf number
AC
IBA

0.0 0.25 0.50 0.75

Control 20 ± 2.99a 0.025
0.5 3 ± 0.55f 4 ± 0.39e 3 ± 0.55f 6 ± 0.95c

1 3 ± 0.55f 7 ± 0.66b 5 ± 0.85d 5 ± 0.66d

1.5 6 ± 0.95c 4 ± 0.45e 2 ± 0.51 g 3 ± 0.55f

Root length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 0.0 ± 0.00d

0.5 2.7 ± 0.25bc 3.4 ± 0.61ab 4.2 ± 0.66a 2.2 ± 0.51c 0.044
1 3.7 ± 0.51ab 4.3 ± 0.75a 2.9 ± 0.55bc 2.1 ± 0.33c

1.5 3 ± 0.55b 3 ± 0.55b 3.2 ± 0.55b 3.7 ± 0.41ab

Root number
AC
IBA

0.0 0.25 0.50 0.75

Control 0.0 ± 0.00b 0.542
0.5 3 ± 0.55a 3 ± 0.55a 3 ± 0.55a 2 ± 0.45a

1 2 ± 0.45a 3 ± 0.55a 3 ± 0.55a 3 ± 0.55a

1.5 3 ± 0.55a 3 ± 0.55a 3 ± 0.55a 2 ± 0.45a

Table 3 Means of the morpho-
logical parameters of Sakkoti 
cultivar in response to IBA and 
AC concentrations
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date palm varieties. Most current transformation proce-
dures call for a tissue culture step to finally restore plants. 
In fact, many plant transformation systems are supported 
by the totipotency of plant cells. Somatic embryogenesis 
and organogenesis are the two processes used to regenerate 
plants from cell culture. Increased transformation efficiency 

disease-free offshoots is tissue culture, cell suspension cul-
ture, and artificial seeds. Additionally, it allows for the mul-
tiplication of date palms, which was previously impossible. 
At first, date palm is usually reproduced through a small 
number of offshoots that are developed in a palm tree. The 
success of date palm branch establishment varies among 

Table 5 Statistical analysis of morphological parameters of regenerated shoots from different three cultivars of Phoenix dactylifera
Cultivar Line Shoot length (cm) Leaf number Root length (cm) Root number Root percentage (%) Fresh weight (g)
Barhy putative Transgenic 23.533 ± 0.115 20 ± 0.00 3.133 ± 0.057 59.66 ± 0.57 100 ± 0.00 41.206 ± 0.005

Non-transgenic 10.333 ± 0.115 3 ± 0.000 1.333 ± 0.115 13 ± 0.000 100 ± 0.00 6.593 ± 0.0115
P-value 0.05* 0.002** 0.125 0.000** 0.953 0.000**
Sakkoti putative Transgenic 10.13 ± 0.1154 16 ± 0.00 3.333 ± 0.115 9 ± 0.000 100 ± 0.00 14.84 ± 0.0173

Non-transgenic 8.9 ± 0.000 6 ± 0.000 4.066 ± 0.000 3 ± 0.000 100 ± 0.00 5.456 ± 0.000
P-value 0.125 0.035* 0.532 0.044* 0.953 0.035*
Shamia putative Transgenic 11.466 ± 0.057 6 ± 0.000 3.70 ± 0.0054 10 ± 0.000 100 ± 0.00 11.543 ± 0.011

Non-transgenic 8.233 ± 0.1154 10 ± 0.00 1.4 ± 0.00271 6 ± 0.000 100 ± 0.00 7.54 ± 0.01732
P-value 0.133 0.0667 0.035* 0.045* 0.953 0.0567
*Significant, **highly significant

Fresh weight (g) P-value
AC
IBA

0.0 0.25 0.50 0.75

Control 3.98 ± 0.66a 0.034
0.5 0.72 ± 0.05e 0.9 ± 0.11c 0.81 ± 0.11d 0.93 ± 0.11c

1 0.77 ± 0.05e 1.02 ± 0.067b 1 ± 0.15b 0.81 ± 0.11d

1.5 0.59 ± 0.05f 0.99 ± 0.11bc 0.98 ± 0.11bc 0.71 ± 0.05e

Shoot length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 5.6 ± 1.9e 0.022
0.5 4.1 ± 1.4e 7.1 ± 1.95b 6.7 ± 1.77bc 6.2 ± 1.77 cd

1 6.6 ± 1.77c 8.3 ± 1.75a 6.4 ± 1.77c 6.2 ± 1.77 cd

1.5 4.5 ± 1.2e 5.3 ± 0.95d 7 ± 1.79b 6.9 ± 1.79bc

Leaf number
AC
IBA

0.0 0.25 0.50 0.75

Control 51 ± 5.8a 0.033
0.5 9 ± 1.55c 7 ± 1.11e 8 ± 1.66d 5 ± 0.90 g

1 5 ± 0.90 g 10 ± 1.8b 8 ± 1.66d 5 ± 0.90 g

1.5 6 ± 0.95f 7 ± 1.11e 8 ± 1.66d 5 ± 0.90 g

Root length (cm)
AC
IBA

0.0 0.25 0.50 0.75

Control 0.00 ± 0.00e 0.034
0.5 1.1 ± 0.055c 1 ± 0.055 cd 1.4 ± 0.66a 1.2 ± 0.055b

1 1.2 ± 0.055b 1.4 ± 0.66a 1.1 ± 0.055c 1.1 ± 0.055c

1.5 0.7 ± 0.033d 1.2 ± 0.055b 1.1 ± 0.055c 1.2 ± 0.055b

Root number
AC
IBA

0.0 0.25 0.50 0.75

Control 0.00 ± 0.00f 0.045
0.5 2 ± 0.033d 1 ± 0.022e 6 ± 0.95a 5 ± 0.55b

1 5 ± 0.55b 6 ± 0.95a 6 ± 0.95a 5 ± 0.55b

1.5 2 ± 0.033d 3 ± 0.033c 5 ± 0.55b 5 ± 0.55b

Table 4 Means of the morpho-
logical parameters of Shamia 
cultivar in response to IBA and 
AC concentrations
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According to Bashah (1996), around 450 varieties of dates 
are grown in Saudi Arabia, 400 in Iran, 600 in Iraq, 250 in 
Tunisia, 244 in Morocco, and many more in other nations.

One of the most modern techniques used for date palm 
(Phoenix dactylifera L.) multiplication and manufacture of 
disease-free offshoots is tissue culture, cell suspension cul-
ture, and artificial seeds. Additionally, it allows for the mul-
tiplication of date palms, which was previously impossible. 
Numerous variables have a significant impact on date palm 
micropropagation (El-Kosary 2004). By adopting high-
quality planting materials from excellent genetic stock, date 
palm yield and productivity may be greatly increased. In 
vitro clonal propagation is a potent and effective replace-
ment for traditional vegetative propagation for ensuring 
rapid multiplication and establishment of true-to-type plants 

is the consequence of improvements in transformation tech-
nologies and advancements in tissue culture. Several advan-
tages of date palm micropropagation using tissue culture 
methods include: (1) large-scale commercial cultivar multi-
plication; (2) elite and carefully chosen cultivar propagation 
with desirable traits (such as resistance to Bayoud, superior 
metaxenia traits in males, high yielding, etc.); (3) creation 
of uniform, spirited, and disease-free plants; (4) no impact 
of the season on plant productivity; (5) enables the transfer 
of plant materials (Muirhead 1961). It is pollinated by Pinu. 
sylvestris in India and Pakistan and by Phoenix canariensis 
in Spain (Oudejans 1979; Benbades 1992). This species now 
has a huge amount of genetic variation as a result of this sig-
nificantly outbreeding habit. According to Zaid and de Wet 
(1999), there are 3,000 varieties in existence worldwide. 

Fig. 3 Histogram of the inhibi-
tion percentage of Fusarium 
oxysporum growth on detached 
leaf lines of dates’ cultivars in 
response to pathogenicity bioas-
say (T: putative Transgenic line; 
N: non-transgenic line)

 

Fig. 2 Agarose gel electropho-
resis for detection of thio-60 
gene in the putative transgenic 
cultivars, lines of dates. M: 
1 kb ladder; C: control gene 
from Arabidopsis thaliana; (1) 
transgenic Barhy, (2) transgenic 
Sakkoti, (3) transgenic Shamia, 
(4) non-transgenic Barhy, (5) 
non-transgenic Sakkoti, (6) non-
transgenic Shamia
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Conclusion

Acclimatization of plant tissue culture conditions was 
approved for the three date’s cultivars, including media 
constituent’s and hormone concentrations. Thionin gene 
was translated into thionin protein which has antimicrobial 
activity against phytopathogenic fungi. Genetic transforma-
tion was performed by chitosan nanoparticles, and the gene 
was transferred into 3 date’s cultivars (Barhy, Sakkoti, and 
Shamia). Conventional PCR was applied to confirm genetic 
transformation into date palm. The thio-60 gene was suc-
cessfully transferred into the three date’s cultivars. After 
confirming that the thionin gene can be transferred into 
transgenic date palm cultivars, the fungal infection with 
Fusarium oxysporum was applied to estimate the resis-
tance of the transgenic cultivar lines. The transgenic lines 
of date’s cultivars showed higher resistance and decrease 
in the inhibition percentage resulted from fungal infection.

Acknowledgements The authors would like to thank Agricultural 
Center for Genetic Engineering and Biotechnology “ACGEB”, Fac-
ulty of Agriculture, Ain Shams University for facilitation of working 
in tissue culture labs. Also, we would like to thank Botany and Micro-
biology Department, Faculty of Science, Helwan University.

Author Contribution Material, E.G.H.A, E.T.H, A.B.A., conceptual-
ization, E.G.H.A, K.Z.A, A.B.A, methodology, K.W.A, E.T.H; formal 
analysis, K.W.A, E.T.H.; writing original draft preparation, K.W.A.; 
E.T.H; writing-review and editing, E.G.H.A, K.Z.A, E.T.H., A.B.A.; 
visualization, E.G.H.A, K.Z.A, A.B.A.

Funding Open access funding provided by The Science, Technology 
& Innovation Funding Authority (STDF) in cooperation with The 
Egyptian Knowledge Bank (EKB).

Data Availability All data generated or analyzed during this study are 
included in this published article.

Declarations

Conflict of Interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

of superior cultivars (Al-Khayri 2005, 2007). The require-
ment for planting materials for date palms is estimated to 
require seven million plants annually. Procedures for date 
palm tissue-culture propagation have been created. Tech-
niques using tissue culture were successful in commercially 
propagating date palms (Hoop 2000).

Since breeding and tissue culture alone cannot create new 
excellent plant cultivars, genetic transformation offers an 
interesting new tool to enhance conventional crop improve-
ment techniques. Together, these methods should hasten the 
generation of new superior plant varieties (Hassan 2013). 
Recombinant DNA technology, which enables the intro-
duction of a single new characteristic without changing 
the cultivar’s current traits, holds enormous promise for 
crop enhancement applications (Hansen and Wright 1999; 
Ahmed et al. 2000).

Thionin show a broad cellular toxicity against wide range 
of organisms and eukaryotic cell lines; while possessing 
some selectivity. By directly interacting with the membrane, 
thionins are thought to play a role in defense against bacte-
ria, fungi, and other plant pathogens (Stec 2006; Hussien 
2020).

Manipulation of chitosan nanoparticles in thionin genetic 
transformation into plant tissues was applied in this study. 
By producing antifungal Thionin proteins, we aimed to give 
date palm plants resistance to fungi in this work (Thio-60). 
Using chitosan nanoparticles, the thionin gene was intro-
duced into the tissues of the date palm. After confirming 
that the thionin gene can be transformed into transgenic 
date palm cultivars, the fungal infection was examined for 
resistance of transgenic plants against Fusarium oxyspo-
rum. Abdel-Razik et al. (2017), Hussien (2020) and Tawfik 
et al. (2022) has approved that thionin genes has antifungal 
activities against several fungal and bacterial infections via 
using chitosan nanoparticles as carrier for genes. They also 
have approved that chitosan nanoparticles are efficient in 
genetic transformation into different plant tissues such as 
potato, Paulownia and onion, respectively.

Chitosan nanoparticles are applied for gene transforma-
tion for the following reasons: cheap, biodegradable, bio-
compatible, nontoxic and save time compared to traditional 
Agrobacterium method. In Agrobacterium transformation, 
it requires co-cultivation, pre-selections for 3–5 days and 
requires antibiotics like cefotaxime to inhibit the action of 
Agrobacterium. Otherwise, using chitosan in transformation 
is faster as it only requires about half an hour to transform 
the plasmid into plant tissues, and it doesn’t require antibiot-
ics. Also, chitosan nanoparticle transformation efficiency is 
higher than that of Agrobacterium transformation (Hussien 
2020; Tawfik et al. 2022).
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